DOE GENOMICS:GTL

SYSTEMS BIOLOGY
FOR ENERGY AND
ENVIRONMENT

. , S PP Energy Conserving Hydrogenases Drive Syntrophic Growth of "
N Desulfovibrio vulgaris and Methanococcus maripaludis

s E”;’Afonmpe”‘fa' ftfess C.B. Walker”, Z.K. Yang™, Z. He ", S.M. Stolyar ", J. Jacobsen”, J.A. Ringbauer, Jr.°, J.D. Wall’, J. Zhou™®, A.P. Arkin”, and D.A. Stahl'”
*ratnwa rojec
Y 1University of Washington, 2Oak Ridge National Laboratory, > Oklahoma University, *Lawrence Berkeley National Laboratory, °University of Missouri, ®Virtual Institute for Microbial Stress and Survival

OFFICE OF SCIENCE
U.S. DEPARTMENTOF ENERGY

UNIVERSITY OF

WASHINGTON

Virtual Institute for
Microbial Stress and Survival

OAKRIDGENATIONAL LLABORATORY

Managed by UT Battelle for the Department of Energy

Berkele

Hadugeials af dalifasaia

http://vimss.lbl.gov

M @ Saﬂdlﬂ r:}l |/|\| YearsSof V‘iorld—C lass
National cience
lﬂh[l'lﬂIDI'IES 1931-2006

OVIMS

STATE UNIVERSITY

ABSTRACT TRANSCRIPTIONAL RESPONSE

RNA/gDNA
Log R |ZI score expression ratio Gene
in coculture

RNA/gDNA
Log R |Zl score expression ratio
in coculture

In the absence of an electron acceptor, many Desulfovibrio species grow on non-fermentable substrates via syntrophic association with hydrogen consuming Gene TIGR annotation TIGR annotation

methanogens. Building upon the ongoing Virtual Institute for Microbial Stress and Survival (VIMSS) investigation into the response of Desulfovibrio
vulgaris Hildenborough to environmental stressors found in contaminated DOE sites, the Environmental Stress Pathway Project’s (ESPP) Applied
Environmental Core (AEC) developed and maintained a stable syntrophic consortium. Desulfovibrio vulgaris Hildenborough and Methanococcus
maripaludis LI were continuously grown in a chemostat on minimal media amended with lactate but lacking electron acceptor. Replicated whole genome
transcriptional analyses by the ESPP Functional Genomics Core (FGC) and the Computational Core (CC) identified 169 and 254 genes that were significantly
up- or down-regulated, respectively, relative to a sulfate-limited monoculture growing at the same generation time. The majority of up-regulated genes were
associated with energy production/conservation, signal transduction mechanisms, and amino acid transport/metabolism. A number of the down-regulated
genes were associated with signal transduction mechanisms, inorganic 1on transport/metabolism and aminio acid transport and metabolism. Among those
genes most highly up-regulated were a suite of hydrogenases including the putative carbon-monoxide induced hydrogenase (Coo, DVU2286-93). Coo 1s a
multi-subunit membrane-bound complex with high similarity to an energy conserving protein in Rhodospirillum rubrum. In order to further elucidate the
possible role energy conserving hydrogenases play in syntrophic growth, we examined transposon mutants generated by theFGC of both the Coo hydrogenase
(cooL) and a structurally related homolog, Ech (energy conserving hydrogenase, echA, DVU0429-34). Both mutants grew to the same cell density on lactate/
sulfate, although the cooL mutant grew slower. When grown in coculture with M. maripaludis without any sulfate, the cooL mutant grew significantly slower
and to approximately 25% yield, while the echA mutant showed a less pronouced difference in growth rate and yield (approximately 80%). Together these
data suggest an important role for the Coo hydrogenase in energy conservation of D. vulgaris Hildenborough during syntrophic growth, possibly through
proton translocation, although the exact physiological mechanism remains to be elucidated. Continued collaborative work by the VIMSS three ESPP core
groups should provide a more complete mechanistic understanding of sulfate-reduction and syntrophic coordination between microbes.
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Chemostats are run using a 24 hr retention time at 37 °C and a stirring Operon-based estimates of local accuracy indicate an absolute

speed of 250 rpm. The headspace of the chemostat 1s flushed with a
mixture of N, :CO, (90:10) at a rate of 0.20 - 0.50 ml/min. The headspace

gas composition is sampled in 15 min. intervals using a Hiden QIC-20

Z-score of 1.0 accurately predicts expression changes between

the two conditions. Using this value, 169 ORFs displayed
significant up-regulation. 254
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mass spectrometer.
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Cluster of orthologous groups up- and down-regulated during syntrophic growth. Categories are amino
acid transport (E), carbohydrate transport and metabolism (G), cell division and chromosome partitioning
(D), cell envelope biogenesis (M), cell motility and secretion (N), chromatin structure and dynamics (B),
coenzyme metabolism (H), DNA replication, recombination and repair (L), defense mechanisms (V),
energy production and conservation (C), function unknown (S), general function prediction only (R),
inorganic ion transport and metabolism (P), intracellular trafficking and secretion (U), lipid metabolism

(I), nucleotide transport and metabolism (F), post-translational modification, protein turnover, chaperones
(O), secondary metabolites biosynthesis, transport and catabolism (Q), signal transduction mechanisms (T),
transcription (K) and translation, ribosomal structures and biogenesis (J)

Steady-state was assumed when O.D. - measurements varied by less than
ESPP is part of the Virtual Institute for Microbial Stress and Survival supported by the U.S. Department of

Energy, Office of Science, Office of Biological and Environmental Research, Genomics:GTL Program

through contract DE-AC02-05CH11231 between Lawrence Berkeley National Laboratory and the U.S.
Department of Energy.

10% of 1nitial value for 3 rentention times. D. vulgaris:M. maripaludis
cell ratio was ~4:1 throughout steady-state as determined by DAPI-stained

cell counts.




